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EXECUTIVE SUJMARY 


A. INTRODUCTION 

To meet the goals of the National Photovoltaics Multi-Year Program 
Plan (MYPP) a number of evaluation, environmental and performance tests of 
systems, subsystems and components must be conducted during the next few 
years. An Insufficiency In either the number or the capabilities of test 
facilities could result In delays In the program. This report Is a 
compilation of existing teat facilities and their respective capabilities.* 


B. DISCUSSION 

Thirteen test Installations were contacted by mall or phone and 
were asked to respond to a series of questions relating to their test 
capabilities. Of the thirteen queried, five were program Field Centers, 
two were state operated agencies and six were private testing laboratories, 
one of which declared no photovoltaic capabilities. Tables 1 and 2 
present an overview of the existing facilities. 

The two state agencies, Florida Solar Energy Center and Southwest 
Research Institute, did not have photovoltaics test capabilities but were 
oriented towards solar thermal testing. Their services and experience 
may be of use for possible PV/T testing. 

Four of the fi'^e Program Field Centers indicated a total system 
test capability. This means that the arrays, power processing units, 
controls and distribution equipment for a particular system design can be 
Installed and operated for the purpose of obtaining the data required 
for performance evaluation. In addition to total system testing, each 
of the four indicated that subsystems could be tested independently. 

This allows performance evaluations of either arrays, power processing 
units or controls to be made independently of each other. This type of 
testing is required to determine the effects of one subsystem on the 
performance of another and leads to the establishing of interface require- 
ments. The application sector testing capabilities of each center are 
as indicated in Table 1. It should be noted that the Jet Propulsion 
Laboratory has only module test capabilities. 

The five private laboratories surveyed Indicated extensive exper- 
ience in environmental and accelerated life testing of components and 
small subsystems. VIhereas this experience has not been directly related 


*The Residential Experiment Stations (RES) within the Massachusetts 
Institute of Terhnology (MIT) effort are not included in this compilation 
because they are designed for the purpose of conducting an operational 
experiment for a specific system. This differs from a System Test 
Facility (STF) in that an STF is designed to accept and test different 
systems and subsystems. This is not to say that the data from RESs will 
not be used in the overall systems development effort. 
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to photovoltalcs , It indicates a capability applicable to the testing 
needs of the Program. These private laboratories represent a resource 
to the Program In that they have designed and conducted tests and experi- 
ments in areas related to the needs of the Program. 


C. CONCLUSIONS 

The following Is a list of the conclusions: 

(1) The limited nvanber of facilities capable of total system test- 
in'^ may Impact the MYPP schecule because several prototype 
systems will be tested simultaneously. 

(2) Alternative means for total systems testing should be explored. 

(3) There are sufficient facilities available to perform the 
component and subsystem evaluation tests for evaluation of 
environmental and accelerated life performance effects. 

(4) It is recommended that this STF Existing Capabilities compila- 
tion be updated annually to reflect the on-going effort and 

be a service to Industry. 
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Table 1. Facility Information: Field Centers and State Agencies 
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Table 2. Facility Information: Private Laboratories 
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SECTION I 


INTRODUCTION 


A. BACKGROUND 

Concerted effort! toward the application of photovoltalca tMtnolofy 
to terrestrial power Reneration began in the early 19V0e. Initial 
emphasis was placed on reducing the cost of the photovoltaic cell, the 
major cost driver. As efforts proceeded in finding and implementing 
low cost photovoltaic cell manufacturing and packaging processes, addi- 
tional emphasis was then placed on the use of photovoltaic cells in 
power generating systems. It was soon determined that existing tools 
developed for space applications were inadequate for estimating system 
performance and that testing was required to evaluate system designs. 

To address this issue, the Photovoltaic Program participants began 
planning and implementing systems test facilities (STFs)*. 

In the summer of 1978, the major participants in photovoltaic 
testing - NASA Lewis Research Center (LeRC) : NASA Jet Propulsion Labora- 
tory (JPL), Low-Cost Solar Array (LSA) Project; MIT Lincoln Laboratory 
(MIT/LL); and Sandia Laboratories -* formed a working committee to plan 
and coordinate future system testing and activities. A major conclu- 
sion of the committee was that a comprehensive plan for system testing 
could not be developed because of the absence of an overall photovoltaic 
program plan. 

Subsequently, the Multi-Year Program Plan (MYPP) , a plan for the 
overall direction of the Photovoltsics Program, was drafted and JPL was 
assigned the role of Technology Development and Application (TD&A) Lead 
Center. As the TD&A Lead Center, JPL was given the responsibility for 
the planning and coordination of STFs for the Photovoltsics Program. 

To meet the goals of t!ie MYPP, the Photovoltaic^ TD&A Program 
require the use of additional STFs over the next few years. To provide 
program coordination for adequate and timely planning and utilization 
of STFs, the TD&A Lead Center has developed the approach of compiling the 
existing capabilities for STFs and developing multi-year STF planning. 

This STF Existing Capabilities Compilation summarizes the current and 
planned STF capabilities of the Photovoltalcs Program, the government, 
and private industry. Multi-year STF planning is contained in the Sys- 
tems Developnent (SD) Plan as a task supportive of achieving the Ml’PP 
system and delivered energy price goals. 


I,' 

Acronvms and abbreviations used in this document are defined in 
Appendix A. 
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B. OBJECTIVE 

The objective of thle Syeteas Test Peciliciet Existing Cepebilitiee 
Conpllatton it to survey* and cetalog present end planned capabilities of 
STFs as veil as lubaysteffl and major component testing facilitieo. This 
objective is part of the overall STF program objcctivas described in | 

Section til. 

i 

C. PURPOSE/USERS ) 

i 

The purpose of this compilation Is to disseminate information to { 

the Photovoltalcs Program and industry regarding photovoltaic system, 
subsystem and component testing capabilities, and their status and 
availability. The capabilities of these testing facilities and their 
availability will be needed by the Program and Industry alike to support 
the development of photovoltaic systems. 

Test facilities are rc.julred by the Photovoltalcs Program to 
determine if technological goals and objectives are being met on a 
timely basis. Facilities must be available and capable of performing 
the required tests of systems, subsystems and components that are being 
developed for the program. This document will assist the planning of 
facility achaduling, and, if nacassary, construction. 


D. SCOPE 

The information in this compilation was obtained through surveys 
sent to the Photovoltalcs Program Field Centers, state-sponsored facil- 
ities and private testing laboratories. The results of those surveys, 
presented herein, encompass the following areas of conctiTi: 

(1) All application sectors. — residential, Intermediate, 
central station, and remote. 

(2) Crid connected and stand-alone systems. 

(3) Test level --total system, subsystem or component. 

(A) Facility ratings — maximum power handling c.'jpabll Ity, 
thermal capacity, storage, etc. 

(3) Measurement capability as to type and accuracy, when 
appl icahle. 

This compilation also includes subsystem and componenr (envlron- 
ment.nl , product approval, and accelerated-life) testing facilities. 


A list of the facilities surveyed Is In Appendix B. 
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Although not a part of system testing, these facilities are important 
elements of system development and are therefore included. Currently, 
most testing of established products is performed at the subsystem 
and product approval levels. As more is learned about the system- 
subsystem interactions and how to better model and simulate those inter- 
actions, less emphasis will be placed on system-level testing and more 
placed on subsystem and product approval testing. 


E. DEFINITIONS 

Terms used in this compilation are defined below: 

(1) Systems Test Facility (STF) . A facility that tests and 
evaluates the performance of total photovoltaic systems 
and their interfaces. 

(2) Subsystem Test Facility . A facility that tests and 
evaluates the performance of photovoltaic subsystems. 

Currently there are three subsystems: array, power 

processing, and energy storage. 

(3) Component Test Facility . A facility that tests and 
evaluates the performance of photovoltaic system components, 
which are elements of subsystems. Component testing includes 
environmental, product approval, and accelerated-life testing. 

(4) Environmental Testing . Testing which attempts to simulate 
failure mechanisms caused by extremes of loads induced by 
environmental forces, either acting alone or in combination. 

(5) Product Approval Testing . Testing which is performed in 
fulfillment of the requirements of regulatory agencies. 

These tests are performed under industry consensus test 
standards. Wliere regulatory agencies have not established 
codes or requirements, temporary standards will be developed. 
The successful passage of these tests indicates a product 
which can be marketed subject to the approval of local 
regulatory bodies. 

(6) Accelerated-Life Testing . Testing which attempts to 
accelerate long-term degradation effects and, in so 
doing, correlates that degradation with time. 

(7) Programmatic Facilities. Test facilities that are directly 
owned or sponsored by the federal government and are a part 
of the National ’’hotovoltalcs Program. 

(8) Non-Programmat tc Facilities . Test facilities that are either 
owned and operated by a state or agency thereof or are 
privately owned. Tliese facilities are available to the 
program on a contract basis as required. 
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SECTION II 


SYSTE’C TESTING FACILITY DESCRIPTION 


A. PURPOSE AND FUNCTION 

The purpose of an STF is to test and evaluate total photovoltaic 
systems and their Interfaces. 

The direct function of an STF is to evaluate photovoltaic system 
performance, concepts, and interfaces and system/subsystem Interactions. 

The indirect functions of an STF are to verify photovoltaic 
system and subsystem performance requirements, modeling and simulation, 
and to identify areas for further technology development. 

STFs are testing and evaluation facilities. By testing total 
photovoltaic systems and their interfaces, an evaluation can be made of 
the performance of the systems. By having repeatable and standardized 
procedures, different photovoltaic system concepts can be evaluated for 
later comparison. Interfaces and system/ subsystem interactions can be 
monitored and evaluated for later comparison with modeling results. 

These are "direct functions" of an STF because they are performed at a 
test facility. 

The "indirect functions" come as a result of the testing performed 
at an STF. This is the verification of the design of the photovoltaic 
system and/or subsystems through testing results. Based on these results, 
performance requirements included in the design are evaluated against test 
results, with any deviations factored back into the design, either through 
redesign or upgrading of the current design. Additionally, modeling and 
simulation results are checked to see if they accurately predict per- 
formance. Refinement of models to meet test data will eventually enable 
full-scale system testing to be reduced. As a result of this verifica- 
tion process, new areas for technology development will be identified 
for that equipment which does not meet the expectations or desired results 
of the Photovoltaics Program or the industry. 


B. RATIONALE 

In the development of photovoltaics as a new energy source for 
the United States, the design of terrestrial systems is quite new. 

Modeling and simulation have been used to help design these systems prior 
to their deployment. However, when deployed, these systems did not 
always perform to the expectations of the analysis: sometimes new problems 
were discovered, such as interactions between the system and the operation- 
al environment and between subsystems. To address these issues, some form 


i 

1 
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of testing and evaluation of real systems under actual conditions is 
mandatory to evaluate photovoltaic systems before they enter the market 
place. This need is fulfilled by STF. 

STFs need two traits to operate in the manner decribed above. The 
first trait is to be "behind-the-!ence," that is, to be in a facility 
with limited public access. The "behind-the-fence" categorization is 
consistent with the normal industry practice of proprietary test results. 
Once the system or subsystems are developed, they are placed or tested 
in "outside-the-f ence, " publicly-visible experiments or experiment 
stations. 

The second trait is that the facility must be adaptable to many 
different configurations of photovoltaic systems and, in turn, must be 
capable of being readily changed to facilitate on-the-spot system changes 
and reconfiguring. To be effective, an STF must be able to t^st many 
combinations of photovoltaic modules and arrays, including photovoltaic 
and thermal systems (whether side-by-side or combined), concentrators, 
photovoltaic systems with storage, and combinations of these. Additionally, 
since system evaluation is a function of an STF, the STF must be capable 
of accepting rapid changes in system design and configuration to permit 
retesting and evaluation. This latter characteristic is termed "bread- 
board ing". 

With these characteristics, the Systems Test Facility becomes a 
powerful tool for quickly evaluating prototype photovoltaic system and 
subsystem designs for the Photovoltaics Program and industry which, in 
turn, supports the overall system development goals contained in the 
MYPP. 


C. IMPLEMENTATION 

The following discusses key elements involved in the programmatic 
implementation of STFs. 

(1) Configuration . In its most general form, a photovoltaic 
system could be configured as shown in Figure 3-1. Both 
electrical and thermal systems are involved. This requires 
an STF to be highly adaptable, able to reconfigure its test 
bed quickly to accommodate and test a completely different 
system once the testing of the previous system is complete. 
Additionally, STFs must be able to simulate different forms 
of mounting to test and evaluate installation concepts. 

All of these must be considered when selecting an STF for 
use or, from the programmatic viewpoint, a new STF. 
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ARRAY SUBSYSTEM 



Figure 3-1. Generalized Photovoltaic System 


(2) Test Procedure and Equipment . Commonality of test equip- 
ment and procedures is not only desirable, it is mandatory. 
With STFs in many climates testing photovoltaic systems, 
there must be commonality in the test and evaluation 
methods to ensure uniformity of results. It is not adequate 
to have systems evaluated using different test procedures 
with equipment of different capability and accuracy. Accord- 
ingly, programmatic STFs will be using the test procedures 
being developed through the Solar Energy Research Institute 
(SERI) managed Performance Criteria and Test Standards 
(PC&TS) activity. When the Interim Performance Criteria 
document (IPC) is published, the existing STFs, as well as 
private testing laboratories, will be able to use these pro- 
cedures for evaluation of photovoltaic systems. Through this 
process, iteration and improvements of the PC&TS are antici- 
pated . 
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(3) Data Acquisition and Processing . Typical types of informa- 
tion provided by an include overall efficiency for 
various modes of operation, initial reliability estimates, 
transient response characteristics, assessment of system 
modeling and simulation, assessment of control strategies, 
and stability assessments. The programmatic analysis and 
distribution of those data will be assisted through use of 
the Data Acquisition and Dissemination Activity being 
developed through the Tests and Applications (T&A) Sub- 
program of the TD&A Lead Center. Dissemination of program- 
matic systems testing and evaluation performed in STFs will 
enhance the worth of the data because of its timely release. 
Existing and planned programmatic STFs will use this avenue 
for rapid dissemination to all elements of the program. 
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SECTION III 


PHOTOVOLTAICS PROGRAM TEST FACILITIES ACTIVITIES DEVELOPMENT 


The objective of STF activity planning is to ensure that sufficient 
system test facilities are available in order to meet Program objectives. 

In order to achieve this objective, three steps will be taken: 

(1) Compile information on existing and planned facilities, 
including programmatic and non-programmatic, delineating 
their characteristics and capabilities. 

(2) Determine from the MYPP the requirements for facilities in 
terms of capability and date required. 

(3) Determine the optimum combination of programmatic and non- 
programmatic facilities, including construction of new 
facilities, if necessary. 

The STF planning activity will assist the Photovoltaics Program 
to meet the MYPP milestones and will help the photovoltaics industry to 
determine the testing programs required for evaluation and qualification 
of systems, subsystems and components. 
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SECTION IV 


SYSTEMS TEST FACILITIES EXISTING CAPABILITIES--1979 


The following provides a compilation of the photovoltaic system, 
subsystem and component testing facilities, status, and availability. 
These are contained In five sections: Summary Tables, Systems Test 

Capabilities, Fhotovoltalcs Program Field Centers, Private Laboratories, 
and State Agencies. 


A. SUMMARY TABLES 

Table 4-1 summarizes the information obtained for Field Centers 
and state agencies. Location, contacts, application sector capabilities, 
maximum power handling capability and, where available, initial and 
annual costs are shown. 

Table 4-2 summarizes the capabilities of private laboratories. 


B. SYSTEMS TEST CAPABILITIES 

Table 4-3 delineates the capabilities of those facilities that 
have total system testing capacity. These capabilities are broken down 
by major subsystem; i.e., array, power conditioner, and storage. 


C. PHOTOVOLTAICS PROGRAM FIELD CENTERS 

Tables 4-4 through 4-6 give detailed descriptions of the test 
capabilities of the Program Field Centers. 


D. PRIVATE LABORATORIES 

Tables 4-7 through 4-9 give a detail description of the test capa- 
bilities of the surveyed private laboratories. 


E. STATE AGENCIES 

The state agencies surveyed indicated that they have only solar 
thermal test capabilities. 
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Table 4-1. General Facility Information; Field Centers and State Agencies 
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Table k-2. Facility Information: Private Laboratories 
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Table 4-4. Collector Test Capabilities: Field Centers (cont'd) 










































Table 4-/1. Collector Test Capabilities: Field Centers (contM) 










Table 4-5. Po%»er Conditioner Test Capabilities: Field Centers 
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Table 4-5. Power Conditioner Test Capabilities: Field Centers (cont’d) 
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Table 4-5. Power Conditioner Test Capabilities: Field Centers (cont'd) 
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Table 4-6. Storage Test Capabilities: Field Centers 
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Table 4-6. Storage Test Capabilities (cont'd) 
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Table 4-7. Collector Test Capabilities; Private Labs (contM) 
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Table ^-7. Collector Test Capabilities; Private Labs (cont’d) 
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Table 4-8. Power Conditioner Test Capabilities: Private Labs (cont d) 
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Table 4-8. Power Conditioner Test Capabilities: Private Labs (cont'd) 
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Table 4-9. Storage Teat Capabilitiea: Private Labs 
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SECTION V 


SUMMARY AND CONCLUSIONS 


A. TOTAL SYSTEM TESTING 

The survey Indicates that there are four test facilities that can 
perform total system tests. These are NASA/Lewis, MIT* Sandia and 
Brookhaven. Of these, only Sandia has the capability to test a central 
station class system of up to 150 kV7. Two of the facilities Indicated 
that they have intermediate class test capabilities: Sandia (up to 

150 kW) and MIT (up to 10 kW) . In addition to Sandia and MIT, Brookhaven 
indicated that they have a residential test capability of 10 kW. NASA 
Lewis Research Center has a remote-stand alone test capability of up to 
30 kW. 


There is very limited test capability it the total systems regime 
of solar photovoltaic applications testing. 


B. SUBSYSTEM AND COMPONENT TESTING 

All of the Field Centers tnd the private testing laboratories have 
a subsystem or component testing capability to seme degree. The private 
labs have considerable experience and testing facilities to do environ- 
mental testing of components and small subsystems. These private labs 
also indicated that they can design tests to customer specifications. 
There is no apparent shortage of testing facilities for subsystems and 
components . 


C. CONCLUSIONS 

With the limited capability to conduct total system testing, the 
number of tests that can be performed simultaneously is limited. This 
means that if several Initial System Evaluation Experiments and/or 
System Readiness Experiments are scheduled for the same period of time 
there will be a shortage of facilities in which to conduct these experi- 
ments. Alternative testing plans should be explored to alleviate this 
possible problem. In addition to the small number of facilities avail- 
able, there is the possible problem of maximum power handling limits. 

Of the five Program STFa, two can perform testing to 10 kV, another to 
30 kW, and only one can test to 150 kW. 

There appears to be a sufficient number of facllltieii available to 
conduct component environmental testing. Accelerated-life testing 
facilities are claimed to be available. However, insufficient evidence 
exists to determine if the test methods are pertinent to photovoltaic 
system components. 

It is recommended that this STF capabilities compilation be 
updated annually as a service tc Industry. 


APPENDIX A 


ACRONYMS AMD ABBREVIATIONS 

BOS Balance of Syatem 

DOE Department of Energy 

ISEE Initial Syatem Evaluation Experiment 

JPL Jet Propulaion Laboratory 

LeRC Lewis Research Center 

LSA Low-Cost Solar Array (Project) 

MIT/LL Massachusetts Institute of Technology, Lincoln Laboratory 

MYPP Multi-Year Program Plan 

PV Photovoltaics 

PV/T Combined Photovoltaic/Thermal (System or Collector) 

RES Residential Experimental Station 

SD Systems Development Subprogram 

SERI Solar Energy Research Institute 

STF Systems Test Facility 

T&A Test and Applications Subprogram 






APPENDIX B 


FACILITIES SURVEYED 

A. PROGRAM FIELD CENTERS 
Brookhaven National Laboratoiy 
Jet Propulsion Laboratory 

MIT Lincoln Laboratory 
NASA Lewis Research Center 
Sandia National Laboratories 

B. STATE AGENCIES 

Florida Solar Energy Center 
Southwest Research Institute 

C. PRIVATE LABORATORIES 
Acton Energy Laboratory 

Approved Energy Testing Laboratories (AETl.) 
Franklin Research Center 
Structural Dynamics Research Corp. 

Wyle Laborat' rles 

United Technology Laboratory* 


Facilities were not 


compatible with photovoltaic 


systems testing. 


B-i 


APPENDIX C 


JPL REMOTE SITES 


Table C-1 summarizes the various environments for the JPL remote 
tests sites. Figure C-1 indicates the location of the sites. 



Table C-1. Summary of Continental Remote Sites 
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